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The effect of (HeeNe) laser irradiation for different irradiant times on optical properties of
(10 ml) methyl orange doped PVA films were investigated. The films were prepared by
casting method. Absorption and transmission spectra for all samples were measured by
UV-Visible spectrophotometer. All optical constants affected by laser irradiation such as
refraction index, extinction coefficient, complex dielectric constants, and optical energy
gap which decreased with increasing irradiation times.
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There are various chemical and physical changes caused
when materials exposed to electromagnetic radiation. HeeNe
laser is one of the most gaseous lasers used in practical
experiment. In the radiation processing of materials by laser,
several changes occur on optical properties of polymer and
dye doped polymer films. Polyvinyl Alcohol (PVA) is one of
polymeric materials that have wide applications. This is
mainly due to their good optical properties, light weight, good
mechanical properties and it represent an excellent host
material for composite (Bhat, Nate, Bhat, & Bhat, 2007;
Hameed & Mohamad, 2011)., drmahasinf@gmail.com
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iety of Radiation SciencesMany researchers deal with the synthesis of interaction
laser irradiation with dye doped polymer films, such as
(Daham, Al-Rawi, & Mohamed, 2010), which investigated
the effect of (HeeNe) laser irradiation for half hour on op-
tical properties of dichromium trioxide thin films. They
showed that irradiation led to shift absorption edge to
longer wavelength (red shift) and decrease the optical band
gap for irradiated films. Jassim, Dahham, and Maric (2010)
concluded that the irradiation by CO2 laser of power (1 W)
and wavelength (10.6) mm led to decrease the transmittance
and increasing in reflection and extinction coefficient and
increase energy gap for ZnS thin films. Also, optical prop-
erties of methyl orange doped polymer were studied by(M.F. Hadi Al-kadhemy).
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Soory, 2012).
The aim of the present work is to investigate the effect of
(HeeNe) laser irradiation on optical properties of methyl or-
ange (MO) doped polyvinyl alcohol (PVA) films.Fig. 2 e Absorption spectra of (10 ml) MO doped PVA films
before and after laser irradiation for different irradiation
times.2. Experimental work
Methyl orange was an organic dye with chemical formula
C14H14N3NaO3S, molecular weight 327.34 gm/mole. The con-
centration of dye solution in water was 5  105 mol/liter, and
prepared as method mentioned by Al-Kadhemy, Alsharuee,
and Al-Zuky (2011). Specific weight (0.5 gm) of PVA powder
with molecular weight 14000 gm/mole was dissolved into
(10 ml) distilled water in a glass beaker at constant tempera-
ture ranging from 30 to 50 C. The ratio of dye solution (10 ml),
were mixed with polymer solution with continuous stirring
for about 3 h. Themixture then casted on a glass petridish and
kept in a dry atmosphere at room temperature (300 k) for 4
days to dry. The casted films then cut to slides to make mea-
surements. The absorption and transmission spectra were
measured by using (UV-VIS .Spectrometer, T70-80).
Dye doped PVA film was irradiated by using HeeNe laser
with wavelength 632.8 nm and using lens with focal length
(10 mm) used for focusing laser light on sample. Irradiation
times were taken (3, 4, and 8) h.3. Results and discussions
Absorption spectrum of methyl orange solution in water with
concentration 5  10-5 mol/L was shown in Fig. 1. Broad ab-
sorption band with maximum wavelength 465 nm with in-
tensity 1.018 was investigated. This matched with results
obtained by Soory, 2012. This transition occurred in visible
region attributed to the excitation of other electrons give us
information about electronic transitions of molecules. The
type of this transition is p e p* transition (Birks, 1970; Valeur,
2001).
Fig. 2 show the absorption spectra for MO doped PVA films
before and after laser irradiation with different irradiation
time. Decrease in absorbance after irradiation was observedFig. 1 e Absorption spectrum of methyl orange solution in
water with concentration 5 £ 10¡5 mol/liter.for both MO and PVA spectra. The peak of absorbance for PVA
at 280 nm (in UV region) was due to electron (or anion) tran-
sitions from the top of the valance band to the conduction
band. This is agreement with work applied by Susilawati and
Doyan (2009).
The transmittance spectra of these films were demon-
strated in Fig. 3. The range of wavelengths at which the ma-
terials have high transmittance and the range of wavelengths
at which the transmittance have nearly zero. So that films give
very good long wave pass filter since it absorb blue wave-
length. Also, the effect of irradiation led to give high trans-
mittance in the visible region greater than 520 nm.
Reflectance can be calculated from this eq.
Aþ Rþ T ¼ 1
R ¼ 1 A T (1)
Fig. 4 show the reflection spectra for MO doped PVA films
before and after laser irradiation with different irradiation
times. Reflectance decreased with increasing laser irradiation
times.Fig. 3 e Transmittance spectra of (10 ml) MO doped PVA
films before and after laser irradiation for different
irradiation times.
Fig. 4 e Reflection spectra for (10 ml) MO doped PVA films
before and after laser irradiation with different irradiation
times.
Fig. 6 e The relation between photon energy and (ahy)1/2 for
(10 ml) MO doped PVA films before and after laser
irradiation in different irradiation times.
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investigate the band structure of materials. The meaning of
absorption process is the photon with certain energy incident
on material led to excite the electron from a lower state to
higher excited state. The types of possible electron transitions
can be determined by the change in transmitted radiation.
Fundamental absorption refers to band e to e band or exciton
transition. The sudden raises in absorption spectrum called
absorption edge that can be used to determine the optical
band gap from calculate the absorption coefficient a, Pankov
(1971); Mott and Davis (1979).
a ¼ 2:303A
t
(2)
Where: t was the thickness of sample. The relation between
absorption coefficient a and wavelength is shown in Fig. 5.Fig. 5 e The relation between absorption coefficient (a) and
wavelength for (10 ml) MO doped PVA films before and
after laser irradiation in different irradiation times.Optical energy gap Eg can be calculated from the following
relationship, Susilawati & Doyan, 2009:
ahy ¼ Ahy Eg
m
(3)
Where A is energy-independent constant, m is constant de-
termines the type of optical transition; that m take value 1/2
and 3/2 for direct allowed and forbidden transitions, respec-
tively. For indirect allowed and forbidden transition;m¼ 2 and
3, respectively. Thus, from Fig. 5, the value of a less than
103cm1; the type of transition is indirect allowed. The value
of Eg was obtained from the linear part of ðahyÞ1=2 versus hy, as
shown in Fig. 6 and given in Table 1.
The value of optical energy gap of PVA was 5.12 eV; mean
PVA was an insulator. Insulators represented by completely
filled valance band and empty conduction band. Thismean no
visible light absorbed and light pass through the material, so
that material was transparent as there are no impurities.
When an impurity introduce, it take place in an intermediate
level in the large band gap of an insulator. The absorption of
light can be taken by transfer electron from a donor level to
conduction level. This can result to the absorption of visible
frequency of light. The color of material was from the
remaining transmitted light (Abdullah, 2006). The optical en-
ergy gap for PVA andmethyl orange decreasedwith increasing
laser irradiation time until 8 h, this energy will
increase slightly because the absorbance at this time
increased.
The refractive index (n) and extinction coefficient (K) were
calculated from the following equations, (Eqs. (4) and (5)), andTable 1 e Optical energy gap for (10 ml) MO doped PVA
films before irradiation and after laser irradiation for
different times.
Eg (eV) Irradiation times (h)
0 3 4 8
PVA 5.12 4.99 4.9 5
Methyl orange 2.29 2.22 2.2 2.24
Fig. 7 e The relation between refractive index (n) and
wavelength for (10 ml) MO doped PVA films before and
after laser irradiation in different irradiation times.
Fig. 9 e The relation between real dielectric constant (εr)
and wavelength for (10 ml) MO doped PVA films before and
after laser irradiation in different irradiation times.
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with the effect of increasing laser irradiation time up to
certain point are increased. The increased in refractive index
to be high value indicate that the compound is absorbing
material.
K ¼ al
4p
(4)
n ¼ 1þ
ﬃﬃﬃ
R
p
1 ﬃﬃﬃRp (5)
The variation of these constants n and K with wavelength
(frequency) range are clear that some interactions take places
between incident photons and electrons. The refractive index
changes with wavelength; the films in this work absorb at
range about (250e550) nm, after this range decreased with
increasing wavelength.
Also, the complex dielectric constant ε* described the
optical properties of material and calculated in theFig. 8 e The relation between extinction coefficient (K) and
wavelength for (10 ml) MO doped PVA films before and
after laser irradiation in different irradiation times.following equation Tripathi, Tripathi, Keller, Das, and
Shripathi (2013):
ε
* ¼ εr þ iεi (6)
Where εr and εi represent the real and imaginary parts of
dielectric constant, respectively, and determined by the
following equations Tripathi et al. (2013):
εr ¼ n2  K2 (7)
εi ¼ 2nK (8)
These constants were plotted in Figs. 9 and 10. It was seen
that the behavior of these constants is the same of refractive
index and extinction coefficient, whereas the real dielectric
constant is higher than other constants.4. Conclusions
In this study the effect of laser irradiation on optical proper-
ties of (10 ml) methyl orange doped polyvinylalcohol films in
different irradiation times have been studied. The absorbance,Fig. 10 e The relation between imaginary dielectric
constant (εi) and wavelength for (10 ml) MO doped PVA
films before and after laser irradiation in different
irradiation times.
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doped polymer films affected with exposed to He e Ne laser.
Also, the optical band gap decreased with increasing laser
irradiation times.r e f e r e n c e s
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